Background: Diaphragmatic hernia is a complication of trauma that may lead to significant morbidity and mortality if unrecognized. The clinical sequelae following missed traumatic diaphragmatic hernia (TDH) diagnoses have not been well-defined.
Introduction
Diaphragmatic hernia is a rare but serious complication of trauma that may lead to significant morbidity and mortality if unrecognized. Conservative estimates suggest that the incidence of diaphragmatic injury is 0.8%-8% from blunt abdominal trauma and 10%-15% after penetrating trauma, with more extensive diaphragmatic injuries associated with blunt trauma [1] [2] [3] [4] . The true incidence of traumatic diaphragmatic hernia (TDH) remains uncertain as the wide variety in clinical presentations leads to diagnostic challenges [1, 2, [5] [6] [7] [8] .
Despite the numerous radiologic and surgical approaches utilized, the diagnosis is frequently missed. The diagnostic challenge has been attributed to asymptomatic presentations, more distinct and urgent concomitant injuries, positive pressure in the chest due to intubation, and visceral "plugging" over the diaphragmatic defect [2, 5, 8] . The literature suggests that a high index of suspicion is most important to allow for early diagnosis of traumatic diaphragmatic hernia (TDH) [9, 10] . It is estimated that missed diaphragmatic hernias in conservatively managed patients occur 12% to 66% of the time [11] . Missed injuries with subsequent herniation requiring hospitalization later, or chronic TDH, may lead to cardiopulmonary dysfunction, impaired venous return, decreased pulmonary function, and obstruction, incarceration, or strangulation of abdominal contents, though the incidence of these clinical sequelae has not been well-defined [7] . The current knowledge about the incidence of post-operative complications of missed TDH is based largely upon single-center case series of minimal sample size.
Results

Demographics
During this 11-year period, 1000 patients underwent operative repair for traumatic diaphragmatic hernia. Of these, 28.5% (n = 285) were treated for acute hernias and 71.5% (n = 715) were treated for chronic hernias. The most frequent postoperative diagnoses according to primary ICD-9 codes were diaphragmatic hernia without obstruction, diaphragmatic hernia with obstruction or gangrene (more commonly in the acute repair group), morbid and unspecified obesity (more commonly in the chronic repair group), and esophageal reflux ( Table 1) . Patients undergoing acute diaphragmatic hernia repairs had a greater percentage of emergency surgery cases (29.8% vs. 10.2%, p < 0.0001), while patients with chronic repairs had a greater percentage of elective surgery cases (51.2% vs. 29.5%, p < 0.0001). Acute repair patients were more likely to be male (46.7% vs. 37.2%, p = 0.01) have impaired sensorium (1.8% vs. 0.3%, p = 0.02) and have pre-surgical sepsis (14.04% vs. 6.57%, p = 0.0002). Patients undergoing repair for chronic diaphragmatic hernia were more likely to be obese (55.2% vs. 42.8%, p = 0.0004) and have an ASA score greater than 2 (51.2% vs. 43.2%, p = 0.02) ( Table 1) .
After multivariate analysis, emergency procedures were more likely seen in patients with diabetes (OR 2.12, CI 1.13-3.96) and pre-surgical sepsis (OR 14.94, CI 8.73-25.56) (Figure 1 
Outcomes
With univariate analyses, patients with acute diaphragmatic hernia repairs were more likely to develop a postoperative wound infection (1.4% vs. 0.3%, p = 0.05), failure to wean (ventilator for greater than 48 hours) (8.1% vs. 3.4%, p = 0.0015), and remain in the hospital at 30 days (4.3% vs. 0.9%, p = 0.0058). Differences in mortality, readmission, discharge disposition, and other complications were not statistically significant. Due to the small frequencies of all complications relative to the sample size, related outcomes were combined into broader categories. Grouped outcomes were designated as "death or cardiac arrest" (death or cardiac arrest requiring CPR), "wound complication" (superficial incisional surgical site infection, wound infection, organ space surgical site infection, or wound dehiscence), serious cardiovascular and pulmonary morbidity (myocardial infarction, pulmonary embolism, or DVT requiring therapy), and "infectious complication" (sepsis, septic shock, pneumonia, or UTI). With univariate analyses, patients were more likely to have an infectious process (11.23% vs. 6.99%, p = 0.03) ( Table 3) following acute repair of traumatic diaphragmatic hernia. Chronicity of TDH repair was not a statistically significant predictor of mortality, failure to wean, death or cardiac arrest, wound complications, clotting complications, and infectious processes. 
Figure 1:
Odds ratios for traumatic diaphragmatic hernia surgery designated as emergency surgery.
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Discussion
In the current analysis of 1000 patients who underwent surgical repair for traumatic diaphragmatic hernia, we found that patients with acute TDH repairs had emergency procedures nearly three times as frequently as those with chronic repairs. Previous reports suggest that diaphragmatic injury without other associated harm may not be considered a true emergency [14, 15] . When identified, however, they should be repaired as such. Our finding underscores the point that traumatic diaphragmatic hernias are often recognized acutely because of their co-occurrence with more life threatening concomitant injuries that warrant surgical exploration and repair [16] . Perhaps these other clinical concerns may have diverted clinicians from evaluating patients for more occult injuries, leading to missed diagnosis of acute diaphragmatic hernias [7, 17] . Patients in the acute TDH repair cohort also had increased rates of pre-surgical sepsis. These higher-acuity patients are associated with a greater number of emergency procedures. Postoperatively, acute TDH patients were more likely to have an infectious complication, wound infections, remain on a ventilator for >48 hours, and still be in the hospital after 30 days. In multivariate models, the type of TDH was not independently associated with any patient outcomes. These findings follow those of previous studies in which mortality is not predicted by TDH independently, but rather by the associated traumatic injuries [4, [18] [19] [20] [21] . Kuo et al (2012) , in a case series of 43 patients, found that time to diagnosis was not significantly associated with mortality. Nursal et al (2001) , in a retrospective analysis of 26 patients, found that acute TDH patients had higher Injury Severity Scores (ISS), while late-presenting patients had longer lengths of stay and higher morbidity. Overall, very few studies have compared patients with early and late TDH diagnoses and the impact of delays in diagnosis and treatment remains controversial [20] .
The identification of chronic TDH may occur through several mechanisms, including more severe signs of organ obstruction or strangulation, ambiguous or nonspecific respiratory symptoms, or as an incidental finding during another procedure [3, 21, 22, 23] . In the present study, patients with chronic TDH repairs were more complex at baseline with higher percentages of obesity and ASA scores greater than 2. Overall, there were fewer adverse outcomes and complications following repair of chronic TDH when compared to the group whose TDH repaired during the index trauma admission, which contradicts the widespread assumption that delayed identification of TDH is associated with increased complications and poorer patient outcomes [3, 11, 20] . Given these results, we suspect that a significant portion of our chronic TDH patients were identified and repaired through an incidental finding or as a complication following another procedure. These phenomena have been previously described by others [24] [25] [26] . Furthermore, prior literature has suggested that obesity itself may cause herniation via enlargement of the normal anatomical diaphragmatic esophageal hiatus or formation of acquired hernia defects [27] .
In 1974, Grimes categorized the natural progression of diaphragmatic hernia in three phases. The initial, or acute, stage begins with the traumatic event and often involves asymptomatic patients with missed diagnoses. The latent, or delayed, stage involves the process of herniation with symptoms ranging from none to vague distress. The obstructive phase terminates the latent phase and describes the process where, without recognition and repair, herniated viscera become obstructed, strangulated, and necrotic [28] [29] [30] . While this clinical progression has been well described, the timing of these stages, particularly the latent stage, can be highly variable [31] . In the present acute and chronic TDH cohorts, fewer than half of patients had a primary postoperative diagnosis of a diaphragmatic hernia. Though we were unable to assess detailed concomitant injury information, given the postoperative diagnoses of our cohort, we believe that many chronic TDH patients in our sample were treated for a latent phase hernia that was identified incidentally.
In this study, we were limited to a retrospective analysis of the ACS-NSQIP database, which is compiled through manual data entry and therefore may contain abstraction errors. We were unable to access specific clinical factors including type of trauma, presenting symptoms, wound location, and diagnostic workup processes. A latent, non-obstructed TDH that is recognized incidentally in an asymptomatic patient may differ significantly from a chronic TDH that has become strangulated in the years following trauma and causes respiratory distress at presentation, and we recognize that our study populations may be more nuanced than what is suggested by CPT codes. Indeed, patients with acute and chronic traumatic diaphragmatic hernias may be considerably different cohorts clinically. Additionally, we were unable to assess outcomes after 30 days. Future analyses should incorporate these additional clinical factors in large, multi-institutional studies.
Despite the established concept that missed TDH diagnoses are associated with increased complications, few studies have evaluated the clinical outcomes of these patients. While we do not suggest modifying or delaying early management for TDH, we provide an assessment of the general characteristics and outcomes of acute and chronic traumatic diaphragmatic hernia cohorts in significant number using a large, national database.
Conclusions
Traumatic diaphragmatic hernia is a rare condition with a highly variable clinical presentation that creates diagnostic challenges. The theoretical association between missed TDH leading to chronic herniation and more severe and potentially life-threatening sequelae follows the natural progression of disease and has been well-described, but there has been little empiric evidence to support these claims. This study assesses the demographics and outcomes of surgical repair for acute versus chronic TDH using a large, multisite database. Patients with acute TDH repair are more likely develop postoperative complications including infections compared to patients with repair of chronic TDH. However, the timing of presentation is not independently associated with postsurgical outcomes. Patients with chronic TDH repair are more likely to have medical co-morbid conditions and undergo elective procedures. Contrary to assumptions in the literature, chronic TDH patients had relatively few complications and adverse 30-day outcomes. We suspect that this was due to many chronic hernias being identified incidentally in the latent stage of herniation.
